A fundamental result of scattering theory, the so-called optical theorem, applies to situations where the field incident on the scatterer is a monochromatic plane wave and the scatterer is deterministic. We present generalizations of the theorem to situations where either the incident field or the scatterer or both are spatially random. By using these generalizations we demonstrate the possibility of determining the structure of some random scatterers from the knowledge of the power absorbed from two plane waves incident on it.
INTRODUCTION
One of the central results of scattering theory is the socalled optical theorem.
1 It relates the rate at which energy is scattered by a finite-range potential or by a finite object and the amplitude of the scattered wave in the forward direction (the direction of incidence). The theorem has a long and interesting history, which has been reviewed by Newton.
2 In its quantum mechanical context it appears that the theorem was first formulated by Feenberg. 3 In the context of classical theory it was derived by van der Hulst 4 for scalar waves and by Jones 5 (see also Born and Wolf 6 ) for electromagnetic waves. In the usual formulation of the optical theorem, the field incident on the scatterer is assumed to be a monochromatic plane wave and the scatterer to be strictly deterministic. Neither of these two assumptions is appropriate in many practical situations. The incident field is sometimes a partially coherent wave, and the scattering potential that characterizes the response of the scatterer to the incident field is often a random function of position and sometimes also of time. It is, therefore, desirable to obtain generalizations of the optical cross-section theorem to situations where either the incident field or the scatterer or both are described statistically. In this paper we present such generalizations, 7 and we show how the results can be used for determining structure of some media from measurements of the power extinguished by the scatterer when two plane waves are incident on it.
We begin with a brief account of the usual formulation of the theorem. Let us consider scattering of a monochromatic plane wave ⌿ (i) (r, t) by a medium characterized by a time-independent finite-range potential assumed, to begin with, to be deterministic. We take the plane wave to be of unit amplitude, propagating in a direction specified by a unit vector u 0 , so that
Here r denotes the position vector of a point in space, t denotes the time, denotes the frequency, and
is the free-space wave number, c being the speed of light in vacuum. In the framework of classical theory the scattering potential, F(r, ), say, is defined by the expression
where (r, ) is the dielectric susceptibility and n(r, )
is the refractive index of the scattering medium. We will assume that the scattering is elastic (no change of frequency on scattering), and we denote by (r, ) the time-independent part of the total field, generated by the interaction of the incident wave with the scatterer. At a point P in the far zone, at distance r from an origin O that is chosen in the region D occupied by the scatterer, in the direction specified by a unit vector u (see Fig. 1 ), the field may be expressed as ͑ru, u 0 ; ͒ ϭ ͑ i ͒ ͑ u 0 ; ͒ ϩ ͑ s ͒ ͑ ru, u 0 , ͒, (1.5)
where the scattered field (s) has the form
